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Abstract
Mutations in the connexin 26 (Cx26) gene at the DFNB1
locus on chromosome 13q12 are associated with autosomal
recessive non-syndromic hearing loss (ARNSHL). There are
many known mutations in this gene that cause hearing loss.
A single frameshift, at position 35 (35delG) accounts for 50%
of mutations in the Caucasian population with carrier fre-
quencies of 1.5-2.5%. In this study we investigated the
prevalence of Cx26 gene mutations by directly sequencing
the coding exon of this gene belonging to ARNSHL individu-
als from 53 families in Qom and Markazi provinces of Iran.
Seven different Cx26 variants were identified. Five Cx26
mutations including 35delG, 233delC, 176del16, W24X,
L90P were found in 10 of 53 families (18.87%). One poly-
morphism V153I was also found. One variant A171T with
unknown effects was also detected. Six of the 53 families
were observed to have GJB2 mutations in both alleles
(11.32%). The most common mutation was 35delG. Three
out of 10 families (30%) with GJB2 variants contained
35delG mutation in both alleles and the frequency of 35delG
allele was 0.50 among 10 out of 53 families. Also screening
for the 342-kb GJB6 deletion mutant did not reveal any large
deletion among families studied. Thus, in the two provinces,
contribution of GJB2 (Gap Junction Protein Beta 2) muta-
tions to familial deafness appears to be less significant. This
necessitates further assessment of the other known genes
regions as well as a search for new genetic factors in hered-
itary deafness in the Iranian population. 
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Congenital deafness is a frequent disorder that affects
1 in 1000 neonates with approximately 50% caused by
inheritance. Almost 80% of familial hearing loss is
non-syndromic, with a predominant autosomal reces-
sive mode of inheritance (Cryns et al., 2004; Marlin et
al., 2005). More than 51 autosomal recessive hearing
impairment loci have been reported (Hereditary
Hearing Loss Homepage, http://webhost.ua.ac.be-
hhh). Mutation in the connexin 26 gene (Cx26) is the
predominant genetic cause of sensorineural hearing
loss in many populations (Cryns et al., 2004; Marlin et
al., 2005). Although a single mutation, known as
35delG, is a common mutation among Caucasians, it is
less frequent in other populations (Shahin et al., 2002;
Ghosh et al., 2004; Mustafa, 2004; Kalay et al., 2005).
The other prevalent mutations of this gene are 235delC
among the Japanese and Korean populations (Abe et
al., 2000), the 167delT in the Ashkenazi Jews (Sobe et
al., 1999), R143W in an African village (Brobby et al.,
1998) and W24X in the India population (Ghosh et al.,
2004). 
Cx26 encodes a gap junction channel protein, called
GJB2. This protein is widely expressed throughout
non–sensory epithelial and connective tissue cells and
is thought to be important in maintaining endocochlear
potential (Kalay et al., 2005).  A large deletion (342
kb) involving the GJB6 gene encoding connexin 30,
which is also located at the DFNB1 locus, del(GJB6-
D13S1830), has been reported to cause ARNSHL in
homozygote or compound heterozygote individuals
carrying deafness-causing allele variants of the GJB2
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on the opposite allele (Frei et al., 2004; Riazalhosseini
et al., 2005). This large deletion is found in many pop-
ulations, with higher frequencies observed in France
and Spain where the percentage of unexpected GJB2
heterozygotes fell to 16.0-20.9% after screening for
the del(GJB6-D13S1830) mutation (Castillo  et al.,
2003).
In this study, we investigated the GJB2 gene muta-
tions and the del(GJB6-D13S1830) mutation in 53
families with ARNSHL from Qom and Markazi
provinces. 79.24% of these families had 3-10 deaf
individuals and the remaining 20.76% had 2 affected
children. All affected members of the families studied
suffered from a prelingual hearing loss with no other
associated clinical findings (non-syndromic) and no
suggestive history of any other possible etiology.
Informed consent was obtained from all of the partici-
pating subjects (in case of individuals under 18 years
old, consent was obtained through their parents).
Blood samples were taken from all individual belong-
ing to the 53 families.
DNA was extracted from peripheral blood samples
using the phenol/chloroform standard procedure (John
et al., 1991). The coding region of Cx26 gene
(Genbank accession # M86849) was amplified using
primers: forward: 5´-GTCTCCCTGTTCTGTCCTA-
3´ and reverse: 5´-TCTAACAACTGGGCAATG-3´.
The amplification resulted in a fragment of 743 bp
containing the entire coding sequence and right splice
site. After a quality check of the PCR products by elec-
trophoresis on 1.5% agarose gel, sequencing was car-
ried out using a capillary automated system 3700 ABI
sequencer (Macrogen, South Korea). One affected
sample from each family was sequenced initially.
Detected mutations were confirmed by sequencing the
reverse strand. Alternatively the sequencing was car-
ried out on samples from another member of the fam-
ilies.
In order to analyze the 342-kb deletion in all the
probands multiplex PCR was performed. The junction
fragment caused by the deletion was amplified using
the primer pair: forward: GJB6-1R, 5´-
TTTAGGGCATGATTGGGGTGATT-3´ and reverse:
BKR-1, 5´-CACCATGCGTAGCCTTAACCATTTT-
3´. The resulting amplicon was 460 bp in length. The
primer pair: forward, STS-CX636F 5´-TGCCCACCC-
CCCAAGTAGAG-3´ and reverse, STS-CX636R 5´-
TTTCGGTTTCATTCATTTTCCCTATT-3´ used as an
internal control, generated a 360 bp fragment. The
products of multiplex PCR were electrophoresed on
1% agarose gel and visualized with ethidium bromide
staining under ultraviolet light to verify their size and
quantity. Control samples for large deletion were a gift
from the Center of Medical Genetics, at the University
of Antwerp, Belgium.
In this study, 53 families  were investigated for
seven different genetic variantsas shown in Table 1.
Six out of 53 families had GJB2 mutations in both alle-
les (11.32%). These six families encompass
35delG/35delG, 35delG/W24X, 233delC/233delC and
176del16/176del16 variants. Five GJB2 mutations
including 35delG, W24X, L90P, 233delC and
176del16 were found in 10 of 53 families (18.87%).
One polymorphism variant, V153I was found in 2
families. A171T variant was found in one family as
heterozygote. The most common mutation was
35delG. Three out of 10 (30%) families that had GJB2
variations containing 35delG mutation in both allele.
The frequency of 35delG allele was 0.50 among 10 out
of 53 families. Five out of 53 families were homozy-
gous for one mutation in GJB2 gene as shown in Table
1. None of the families, including those who carried
one mutation in the coding region of the Cx26 gene,
revealed the 342-kb GJB6 large deletion mutation
(Fig. 1).
All families were the result of consanguineous mat-
Sadeghi et al.
256
Table 1. Cx26 genetic variants identified in Iranian ARNSHL families (compare
to Genbank accession #M86849).
*This mutation is not reported for Iran. 
wt is wild type 
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ing with autosomal recessive inheritance of the dis-
ease. GJB2-related deafness was found in 6 of the 53
ARNSHL studied families (11.32%) and revealed that
the rate of mutation in Cx26 gene in the two popula-
tions is lower than that in the European populations
(Cryns et al., 2004; Marlin et al., 2005). All of the
mutations have been previously described in the
Iranian population except 176del16 which was initial-
ly reported by Kudo et al. (2002). 35delG and L90P
heterozygosity were found in 3 and 1 families, respec-
tively and since these mutations were found in another
affected member of the family therefore, they may not
be due to polymorphism.
The results of this study on the frequency of Cx26
gene mutations support the previous reports on Iranian
hereditary deafness (Hashemzadeh et al., 2005;
Najmabadi et al., 2005; Hosseinipour et al., 2005).
Similar studies in Egypt (Mustafa, 2004), Turkey
(Kalay et al., 2005), Palestine (Shahin et al., 2002) and
India (Ghosh et al., 2004) demonstrated a lower rate of
mutation in this gene in comparison to those in
Caucasians. This study shows 35delG is the most com-
mon deafness-causing mutation in the Iranian popula-
tion that confirms the previous studies in Iran
(Hashemzadeh et al., 2005; Najmabadi et al., 2005;
Hosseinipour et al., 2005). Our data and those by other
researchers show that GJB2-related deafness in the
Iranian population is due to the common mutation
(35delG) similar to that in the Caucasian population,
with a mutation rate resembling that in the Asian pop-
ulation. 
Absence of the 342 kb GJB6 variant is one of the
most important findings of this study. Previous reports
on the same population also presented the same find-
ing (Riazalhosseini et al., 2005). The families with no
mutation in the Cx26 gene will need to be investigated
further to look for the presence of mutations in other
known deafness-causing genes, and new deafness-
causing loci. 
The Iranian population is an important resource for
research on ARNSHL due to the availability of large,
extended and highly consanguineous pedigrees. It
should be note that the rate of familial marriage in Iran
is relatively high (38.6%) Saadat et al. (2004), there-
fore an expected higher frequency of hearing loss, with
more than 1 in 1000 newborn is to be expected.  
In conclusion, identification of the spectrum and
frequency of GJB2 mutations and other genes in dif-
ferent ethnic groups of Iran can eventually help and
facilitate with detection and prevention of deafness.
Acknowledgments
We would like to thank all the families, students and person-
nel of the schools for hearing-impairment in Qom and Arak
provinces for their cooperation. Also we wish to thank other
hearing impairment centers for their contribution to this
study. This work was supported by Tarbiat Modarres
University and the National Institute for Genetic Engineering
and Biotechnology (NIGEB), Tehran, I.R. Iran
References
Abe S, Usami S, Shinkawa H, Kelley PM, Kimberling WJ (2000).
Prevalent connexin 26 gene (GJB2) mutations in Japanese. J
Med Genet. 37:41-43.
Brobby GW, Muller-Myhsok B, Horstmann RD (1998). Connexin
26 R143W mutation associated with recessive nonsyndromic
sensorineural deafness in Africa. N Engl J Med. 338: 548-549. 
Castillo DI, Moreno-Pelayo MA, Del Castillo FJ, Brownstein Z,
IRANIAN JOURNAL of BIOTECHNOLOGY, Vol. 3, No. 4, October 2005
257
Figure 1. Positions of primers used to detect the del(GJB6-D13S1830)
mutation. (A) The 460 bp band is present in the positive control (which is
heretozygote for the large deletion) but is not present in deaf subjects from
4 families. (B) The 360bp band is amplified as an internal control. Positive
control samples for large deletion are a gift by the Center of Medical
Genetics from the University of Antwerp in Belgium.
Archive of SID
www.SID.ir
Marlin S, Adina Q et al. (2003). Prevalence and evolutionary
origins of the del(GJB6-D13S1830) mutation in the DFNB1
locus in hearing-impaired subjects: a multicenter study. Am J
Hum Genet. 73:1452-8.
Connexin deafness homepage. http://www.iro.es/deafness.
Cryns K, Orazan E, Murgia A, Huygen PLM, Moreno F, Castillo
ID, Chamberlain PG, Azaiez H, Prasad S, Cucci RA, Leonardi
E, snoeckx RL, Govaerts PJ, Heyning PHV, Heyning CM,
Smith RJH, Van Camp G (2004). A genotype-phenotype cor-
relation for GJB2 (connexin 26) deafness. J Med Genet. 41:
147-154.
Frei K, Ramsebner R, Lucas T, Baumgartner WD, Schoefer C,
Wachtler FJ, Kirschhofer K (2004). Screening for mono-
genetic del(GJB6-D13S1830) and digenic del(GJB6-
D13S1830)/GJB2 patterns of inheritance in deaf individuals
from Eastern Austria. Hear Res. 196:115-8.
Ghosh M, Vijaya R, Kabra M (2004) Genetics of deafness in India.
Indian J Pediatr. 71:531-533.
Hereditary hearing loss homepage. http://webhost.ua.ac.be-hhh.
Hashemzadeh Chaleshtori M, Hoghooghi Rad L, Dolati M,
Sasanfar RA, Hoseinipour A, Montazer Zohour M, Pourjafari
H, Tolooi A, Ghadami M, Farhud DD, Patton MA (2005).
Frequencies of mutations in the connexin 26 gene (GJB2) in
two populations of Iran (Tehran and Tabriz). Iranian J Publ
Health. 34: 1-7.
Hosseinipour A, Hashemzadeh Chaleshtori M, Sasanfar RM,
Farhud DD, Doulati M, Tolooi A, Hoghooghi Rad L,
Montazer Zohour M, Ghadami M (2005). Report of a new
mutation and frequency of connexin 26 gene (GJB2) muta-
tions in patients from three provinces of Iran. Iranian J Publ
Health. 34: 47-50.
John SWM, Weitzner G, Rozen R and Scriver CR (1991). A rapid
procedure for extracting genomic DNA from leukocytes.
Nucleic Acids Res. 19:408.
Kalay E, Caylan RK, Kremer H, Brouwer AP, Karaguzel A (2005).
GJB2 mutations in Turkish patients with ARNSHL: preva-
lence and two novel mutations. Hear Res. 203: 88-93.
Marlin S, Feldmann D, Blons H, Loundon N (2005). GJB2 and
GJB6 mutations. Arch Otolaryngol Head Neck Surg.131: 481-
486.
Mustafa MW (2004). Prevalence of the connexin 26 mutation
35delG in non-syndromic hearing loss in Egypt. The Internet
J Otorhinolaryngology. 3:1.
Najmabadi H, Nishimura C, Kahrizi K, Riazalhosseini Y,
Malekpour M, Daneshi A, Farhadi M ,Mohseni M, Nejat M,
Ebrahimi A, Bazazzadegan N, Naghavi A, Avenarius M,
Arzhangi S, and Smith RJH (2005). GJB2 mutations: passage
through Iran.  Am J Med Genet. 133A: 132–137.
Riazalhosseini Y, Nishimura C, Kahrizi K, Shafeghati Y, Daneshi
A, Jogataie M T, Mohseni M, Nejat M, Javan MK, Smith
RJH, Najmabadi H (2005). Del(GJB6-D13S1830) is not a
common cause of non-syndromic hearing loss in the Iranian
population. Arch Iranian Med. 8: 104-108.
Saadat M, Ansari-Lari M, Farhud DD (2004). Consanguineous
marriage in Iran. Ann Hum Biol. 31: 263-9.
Shahin H, Walsh T, Sobe T, Lynch E, King MC, Avraham KB,
Kanaan M (2002). Genetics of congenital deafness in the
Palestinian population: multiple connexin 26 alleles with
shared origins in the Middle East. Hum Genet. 110: 284-9.
Sobe T, Ehrlich P, Berry A, Korostichevsky M,Vreugede S,
Avraham KB, Bonne-Tamir B, Shohat M (1999). High fre-
quency of the deafness-associated 167delT mutation in the
connexin 26 (GJB2) gene in Israeli Ashkenazim. Am J Med
Genet. 86: 499-500.
Sadeghi et al.
258
Archive of SID
www.SID.ir
